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Abstract 
Riparian zones form a distinctive component of the river landscape and are widely known to support a high local 
richness and abundance of terrestrial wildlife. The value of riparian zones to wildlife at the landscape and regional 
scale, however, is poorly understood, particularly in Australian landscapes. This paper summarises results from a 
study investigating the importance of riparian zone habitats to bird assemblages at 30 paired riparian and non-
riparian sites in the foothill forests of the Victorian Highlands. Twenty-nine bird surveys were conducted at each 
site over a two year period. Riparian sites characteristically supported a more complex habitat structure and a 
distinct association of plant species, when compared with adjacent non-riparian sites. Bird assemblages at riparian 
sites comprised a greater species richness and higher density of birds than assemblages in non-riparian sites. In 
addition, the species composition of the riparian bird assemblage differed significantly from assemblages at non-
riparian sites. Several species (e.g. Yellow-tufted Honeyeater, Pink Robin, Satin Bowerbird) occurred exclusively at 
riparian sites and many others (36% of species) were significantly associated with riparian zones in the landscape. 
··· Riparian zones greatly enhance the diversity of forest landscapes and the avifauna within forests, but they are 
vulnerable to anthropogenic pressures and subsequent loss of habitat quality. The study confirms that riparian 
and river landscapes are a crucial component of the forest environment, and should receive high priority 
planning for wildlife conservation at landscape and regional scales. 
zones, the strip of vegetation adjacent to streams and rivers, form the terrestrial part of the river 
. Riparian zones are widely considered to support a disproportionately high richness, abundance and 
of bird species, relative to their extent in the landscape (Knopf eta/. 1988; Recher eta/. 1991; Woinarski 
. In arid southwest USA, for example, more than 50% of bird species are dependent on riparian 
and 47% (78/160) of the species that breed in the area are restricted to these habitats (Johnson eta/. 
features of riparian zones that make them attractive to birds include their proximity to free water, the 
I complexity of the vegetation, the abundance and variety of food and nesting resources, edge-associated 
conditions in the surrounding non-riparian environment (Catterall 1993). 
of riparian habitats to birds, and other wildlife, has been widely promoted throughout the world (Knopf 
Lynch and Catterall 1999); however, some researchers have justifiably questioned the applicability of 
values across all regions based on the concentration of research in arid landscapes, 
North America (McGarigal & McComb 1992; Catterall 1993). In Australia, there has been a paucity 
~ riparian systems and the importance of the riparian zone to terrestrial birds is poorly understood 
· Further, the pattern and dynamics of bird communities that use riparian zones in relatively intact 
unknown (Woinarski eta!. 2000). 
the importance of riparian zones to terrestrial birds in southeast Australia based on the findings 
the Victorian Highlands. The results are set out in more detail elsewhere (Palmer & Bennett, 
a general summary presented here. We focus on the importance of riparian zones to the 
assemblages in an Australian forest landscape and address the following questions: 
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1. Do riparian zones support a greater species richness and abundance of birds than non-riparian habitats within 
the forest mosaic? 
2. Do riparian zones support distinct species assemblages in the landscape? 
3. Are there some bird species that are exclusively, or strongly reliant on riparian zone habitats in the forest 
mosaic? 
Methods 
Study sites 
The study was carried out in the foothill forests on the northern (inland) and southern (coastal) slopes of the 
Victorian Highlands, Australia (Figure 1 ). The main topographic feature of the region is the Great Dividing Range, 
which gives rise to a complex topography, including extensive foothills and associated valleys. Mean annual rainfall 
in the study area ranges from 900-1400 mm. Most of the region remains forested, but there has been an 
extensive history of timber harvesting. Many of the broad flat valleys have been cleared for agriculture, including ;· 
sheep and cattle grazing and horticulture (fruit orchards, vineyards). Mixed Eucalyptus forests dominate the region. 
Wet forests of Mountain Ash E. regnans and Mountain Grey Gum E. cypel/ocarpa are prominent on protected 
slopes. Manna Gum E. viminalis is the dominant eucalypt in gullies, along with Mountain Grey Gum and Narrow~ · 
leaved Peppermint E. radiata. Brown Stringybark E. baxteri, Silvertop Ash E. sieberi and Narrow-leaved Peppermint .> 
occur on drier slopes and ridges and low heathy woodlands of Broad-leaved Peppermint E. dives and Yertchuk E. " 
consideniana on gently sloping, exposed aspects. 
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Figure 1. Location of the study area in the Victorian Highlands, Victoria. The three extensive forest areas,, 
investigated are shown: Bunyip State Park (Victorian Highlands- Southern Fall), Kinglake National Park~·· 
and Marysville State Forest (both Victorian Highlands- Northern Fall). Marysville SF is highlighted, 
.-,, 
showing arrangement of paired riparian <•> and non-riparian sites (D) along the Acheron River. 
.'?~~~ 
Site selection was based on the occurrence of extensive riparian zones (> 50 m wide and > 5000 m in length . <:"~ 
fringing perennial streams) interspersed in forested catchments. Six mid-order streams (stream order 3 to 5) were . 
selected and a total of 30 sites distributed along these. The width of the riparian zone surrounding sites ranged 
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between 30-230 m (mean = 102.8 m) Riparian sites were positioned immediately adjacent to the waterway and 
contained within the riparian zone. A distance of at least 1000 m separated sites occurring on the same stream. A 
non-riparian site was located approximately 750 m distant on an adjacent slope to complement each riparian site 
(Figure 1 ). These site pairs were distributed among three distinct forest areas: Bunyip State Park (20 site pairs), 
King lake National Park (5) and Marysville State Forest (5) (Figure 1 ). 
Habitat measurements 
Floristic and habitat structure characteristics of the vegetation were measured at all sites. At each site all trees 
occurring within a randomly placed 0.25 ha quadrat were identified and measured (stem diameter, % cover). 
Shrubs were identified and measured (height, % cover) at each site within a 0.0625 ha quadrat, and the cover 
(%) visually estimated for a range of vegetation life-forms: tree ferns, low ferns, grasses, grass trees, sedges, 
rushes, herbs and creepers. Ground cover components, including bare ground, fine litter and ground vegetation, 
were measured (cover %) in four 5 m x 5 m quadrats and average values generated for each site. Coarse woody 
debris(> 10 em diameter) was measured at each site by counting the number of intercepts encountered along a 
central 1 00 m transect. 
Bird surveys 
Birds were surveyed using a fixed-point count method (Pyke & Recher 1984). Fixed-points were centrally located in 
two adjoining 50 m x 50 m plots. Consecutive eight minute point counts were conducted at the two fixed-points 
at each site. The occurrence of birds within plots and movements between plots were closely monitored to avoid 
duplication of individual observations wherever possible. Data from the two adjoining plots were pooled for each 
site . 
During an 18 month period between July 2001 and December 2002, each site was surveyed on 29 occasions at a 
ratio of five surveys per calendar season. Surveys were undertaken throughout the day between sunrise and 
sunset in suitably still and dry conditions. 
·· n .... nfr.:>r characteristics 
habitat structure of riparian sites differed significantly from that at non-riparian sites (Analysis of similarity 
' OSIM : R = 0.718) (PRIMER software package, Clarke & Gorley 2001). A SIMPER analysis (PRIMER software 
wo•-"a<•e) was used to identify the major dissimilarities between riparian and non-riparian sites (Clarke & Gorley 
1). Contrasts were largely derived from dissimilarities in the structure of the tree layer with riparian sites being 
usive in containing a sub-canopy tree layer (e.g. Blackwood Acacia melanoxy!on, Silver Wattle A. 
Scented Paperbark Melaleuca squarrosa and Hazel Pomaderris Pomaderris aspera) and non-riparian sites 
greater densities of canopy-forming trees in the small size classes, 10-20 em diameter and 20-40 em 
sites supported a distinct floristic composition of trees and shrubs. Plants contributing strongly to the 
between riparian and non-riparian sites (SIMPER analysis) were either confined to one habitat type 
re substantially more prevalent in one habitat type. Prickly Currant Bush Coprosma quadrifida, Hazel 
and Blackwood were all strongly linked to riparian sites, and Manna Gum, Mountain Swamp Gum f. 
and Scented Paperbark occurred exclusively there. At non-riparian sites, Narrow-leaved Peppermint, 
rk and Bushy Needlewood Hakea sericea occurred more abundantly, and Silvertop Ash and Dusty 
parvifolium were recorded exclusively there. 
bird species was recorded at the 30 paired sites during bird surveys. Seventy-six species were 
riparian sites and 71 species at non-riparian sites. Riparian sites recorded a significantly higher species 
(mean = 39.9 species per site) compared with non-riparian sites (mean = 25.5 species per site) 
relative abundance of birds was also significantly greater at riparian sites (35.5 birds ha-') than at 
(14 birds ha-') (Figure 2). 
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Figure 2. Mean species richness and mean relative abundance of birds at riparian (II) and non-riparian 
sites (D) in the Victorian Highlands (error bars= SD). 
The species composition of riparian bird assemblages was distinctly different from that of non-riparian 
assemblages; (ANOSIM: R = 0.706). An MDS ordination based on a species abundance-by-site matrix displays a 
clear separation of bird assemblages occurring at riparian and non-riparian sites (Figure 3). 
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Figure 3: Bird assemblages occurring at sites in the Victorian Highlands, as represented in ordination · · 
space (stress = 0.1 ). Symbols represent assemblages at riparian <•> and non-riparian sites (D) (from : . 
Palmer and Bennett submitted). 
Dissimilarities in species composition between riparian sites and non-riparian bird assemblages were measured . 
using the SIMPER procedure. Thirty-one species accounted for 90% of the dissimilarities between riparian an 
non-riparian sites. All of these species, except Yellow-tufted Honeyeater Lichenostomus melanops (which 
exclusively occurred at riparian sites), were recorded at both riparian and non-riparian sites. However, many : · 
spec;ies, such as the White-naped Honeyeater Melithreptus lunatus, Brown Thornbill Acanthiza pusilla and 
browed Scrubwren Sericornis frontalsi, were much more abundant at riparian sites. In contrast, the Red 
Anthochaera carunculata, Eastern Spinebill Acanthorhynchus tenuirostris and Rufous Whistler 
rufiventris were species that characterised dissimilarity between habitat types in that they were predomina 
associated with non-riparian sites. 
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Riparian zones and the forest avifauna 
The avifauna encountered in the study was typical of that recorded for similar forest areas elsewhere in southeast 
Australia (Loyn 1980; Recher eta/. 1991 ). From those species recorded at more than four sites in the study area 
during bird surveys (n = 61 species), it was possible to distinguish five groups based on their preference for 
riparian or non-riparian habitats : 
1. forest-generalist species- e.g . Brown Thornbill, Striated Thornbill Acanthiza lineata, Spotted Pardalote 
Pardalotus punctatus 
2 riparian-associated species- e.g. Red-browed Treecreeper Climacteris erythrops, Rose Robin Petroica rosea, 
Eastern Whipbird Psophodes o/ivaceus 
3. riparian-selective species- e.g. Yellow-tufted Honeyeater, Pink Robin Petroica rodinogaster, Satin Bowerbird 
Ptilonorhynchus vio!aceus 
4. non-riparian-associated species- e.g. Scarlet Robin Petroica mu!ticolor, Southern Emu-wren Stipiturus 
malachurus, Rufous Whistler 
5. non-riparian-selective species- e.g. Buff-rumped Thornbill Acanthiza regu!oides, Yellow Thornbill Acanthiza 
nan a 
The major proportion of this avifauna was either widespread in the forest landscape, being recorded relatively 
equally at both riparian and non-riparian sites (i.e. forest-generalist species) (38% of species), or showed a strong 
preference for riparian habitats (i.e. riparian-associated) (43%). Four species (7%) were recorded exclusively at 
riparian sites (i.e. riparian-selective). A suite of species that characteristically inhabit riparian sites that have been 
identified in this study are typical of wet forest types in southeastern Australia (e.g. Olive Whistler Pachycepa!a 
olivacea, Pink Robin and Large-billed Scrubwren Sericornis magnirostris). This likely reflects similarities in habitat 
structure and floristic composition between riparian habitats and other wet forest vegetation types. 
, Riparian-selective and riparian-associated species include birds that utilize a diverse range of ecological niches. For 
le, of those species listed above, the Yellow-tufted Honeyeater forages in the tree layer feeding upon nectar 
invertebrates; the Pink Robin feeds on ground-dwelling invertebrates by pouncing from low cover; the Satin 
rbird is a seasonal visitor that mostly feeds on fruits; and the Red-browed Treecreeper is a bark-foraging 
er that forages extensively on branches in the upper canopy. This indicates that species are 
ly utilizing the subtle differences in a wide array of habitat niches and resources across riparian and 
(i.e. non-riparian) habitats. 
that had a strong preference for non-riparian sites accounted for 10% of all species, while only two 
(2%) occurred exclusively at non-riparian sites. The core distributions of a number of these non-riparian 
(e.g . Yellow Thornbill and Buff-rumped Thornbill) are located within the drier vegetation inland of the 
Dividing Range in southeast Australia (Emison eta!. 1987). 
value and management of riparian zones 
demonstrates that riparian zones have a strong influence on the distribution of avifauna and are sites of 
es richness and abundance of birds in continuous forest landscapes. This finding is consistent with 
conducted outside of Australia (e.g . Johnson eta!. 1977; Knopf eta!. 1988). In the forest landscape of 
Australia, riparian zones are important to bird assemblages for several reasons. First, riparian zones add 
and physical structure of the landscape mosaic, and therefore to the diversity of habitats and 
~vailable to forest birds. Second, this research demonstrates that a suite of bird species is predominantly 
the riparian zone. Despite Australia having few terrestrial birds that depend exclusively on riparian 
some species have preferential distributions outside of their core range that are confined to riparian 
Beautiful Firetail Stagonop!eura bella and Lewins Honeyeater Meliphaga lewinir). Third, most species 
bitats at some stage in their life cycle, and many of these attain higher densities in riparian habitats . 
. n zones are important for several threatened species (e.g. Helmeted Honeyeater Lichenostomus 
Sooty Owl Tyto tenebricosa and Powerful Owl Ninox strenua) . 
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This study has shown that riparian zones, and the river landscape in its entirety, form a crucial component of the 
forest environment for bird assemblages and thus have a demonstrably high ecological value. Consequently, this 
supports the requirement for a high priority when planning for forest wildlife conservation at landscape and 
regional scales. Riparian zones in Australia continue to be threatened by poor land management and a range of 
processes that impact upon habitat quality including habitat loss, grazing, weed invasion, salinity, and water 
diversion and impoundment. This is compounded by the fact that in many cases riparian zones have been 
'disconnected' from the adjacent landscape. Current management practices such as retaining buffer strips along 
streams during timber harvesting operations will benefit wildlife by protecting high quality and species-rich 
habitats, and will also facilitate species movements through the modified matrix. The value of non-riparian 
habitats for some birds identified in this study also highlights the importance of maintaining lateral connections 
along riparian-upland gradients. The design of these and the incorporation of adequate riparian and non-riparian 
habitat as part of the network of retained and modified habitat requires further attention. 
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